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     This was the first year the ISC operated as a charitable incorporated organization (CIO). 

Despite the continuation of the pandemic, it was a rather productive year thanks to the support 

of 71 Member-Institutions and 11 Project Sponsors. 

     As the result of a special effort, production of the Reviewed Bulletin was finally brought back 

to 24 months behind real time. The data for seismic events during 2018-2021 have been added 

to the ISC Bulletin. The ISC continued using openly available waveforms to determine the 

probabilistic point source models, the source mechanisms based on first motion polarities, and 

to constrain earthquake depths, based on depth phase pickings. Smaller continental 

earthquakes during the 1976-2017 period and source mechanisms from literature (1915-1989) 

have been added to the ISC-GEM catalogue. The ISC-EHB dataset and corresponding subduction 

zone cross-sections have been extended to include the data year 2018. 

    A new ISC service ɀ the Electronic Archive of Printed Station/Network Bulletins has been put 

into operation. Both the ISC product download statistics and the large number of scientific 

research articles indicate extensive worldwide use of ISC data. 
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 1: EXECUTIVE SUMMARY 

Ç The ISC gratefully acknowledges generous support from 71 Member-Institutions in 47 

countries and additional project grants (23%  of total income) from CTBTO, USGS, 

BGR, FM Global, Lighthill Risk Network, MS&AD InterRisk as well as sponsorships 

from REF TEK, GeoSIG, TAIDE, SRC and Guralp. 

Ç This was the first year the ISC operated as a charitable incorporated organization (CIO); 

this status allows the ISC to be run in the most tax-efficient manner. 

Ç The 2021 annual income exceeded the ISCôs expenditure by £48,988; this surplus will 

help to compensate losses expected in the coming years. 

Ç We are grateful to all Members paying their fees promptly and in full; £15,820 was still 

owed to the ISC on the 31st of December 2021; all fees, except those written off as bad 

debt (NCS, India), have been repaid at the time of writing this report. 

Ç At any one time, 16-17 staff members and 2 contractors worked at the ISC this year.  

Ç 602 seismic stations were registered or modified in the International Seismograph 

Station Registry. 

Ç Within a few days after an event occurrence, the ISC collected and grouped preliminary 

data from 26 networks and made the Preliminary ISC Bulletin  available to all users. 

Ç The routine process of collecting revised bulletins from 150 institutions in 91 countries 

stood at 12 months behind real time; many agencies were not able to comply with this 

deadline and inadvertently hindered the ISC Bulletin analysis. 

Ç During the year, the analysts fully reviewed 15 months of the ISC Bulletin  and partially 

reviewed a further 2 months, finally bringing the ISC Bulletin availability forward to our 

target: 24 months behind real time (b.r.t.).  

Ç Overall, ~86,000 reviewed events with ~10.6 million associated phases were added to the 

reviewed part of the Bulletin. The Bulletin (both reviewed and un-reviewed) was enlarged 

with ~815,000 events and ~25.4 million associated phases. 

Ç 1,611 ISC focal mechanisms for recent events (July 2018 ï December 2019) were added 

to the Bulletin based on both the reported first motion polarities and those automatically 

picked by the ISC using waveforms available on-line. 

Ç 201 PPSM (probabilistic point source model) solutions for earthquakes during the period 

January-December 2019 were added to the ISC Bulletin based on our analysis of 

waveforms. 

Ç We continued waveform picking of depth phases (global) and general seismic phases 

(Africa) to fill the gaps in agency reporting. It helped to constrain the depth of 1,064 

events where there was no sufficient information otherwise. 

Ç The ISC Bulletin remains more complete than the bulletins of either NEIC or IDC. 

Ç We worked on three further issues of the printed Summary of the ISC Bulletin, which 

included several invited articles; each issue and each invited article now has its own DOI 

registered via the ISCôs membership of CrossRef. 

Ç The ISC-GEM Global Instrumental Earthquake Catalogue has been advanced to 

include ~6,900 small continental shallow earthquakes during 1976-2017 and 91 
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earthquake mechanisms (1915-1989) from scientific literature; it was further extended to 

include the year 2018. 

Ç References to ~2,199 scientific articles related to ~3,450 seismic events have been added 

to the ISC Event Bibliography. 

Ç A new ISC service ï the Electronic Archive of Printed Station/Network Bulletins has 

been put into operation. 

Ç We continued the operation and improvement of the CTBTO Link to the ISC database 

which experienced a steady stream of data requests from NDC and IDC personnel. 

Ç The ISC database and the website mirrors at IRIS DMC in Seattle, ERI in Tokyo, LLNL 

in Livermore and CEA in Beijing/Xian helped to maintain a reasonable speed of access to 

ISC data. These mirrors (especially at IRIS DMC) helped to deal with data distribution 

during the ISC database server crash in April 2021. 

Ç 152 GT events have been added to the IASPEI Reference (GT) Event List. 

Ç We extended the ISC-EHB dataset to include 7,880 events for the data year 2018. 

Ç We continued to run the Seismological Dataset Repository and the International 

Contacts in Seismology. 

Ç We participated in a number of international scientific conferences, mostly on-line. 

Ç The ISC contributed to the work of IASPEI  by maintaining the IASPEI website, leading 

several working groups and working at the IASPEI ExecCom. 

Ç Impressive ISC data download statistics and a large number of published scientific 

articles using ISC data indicate very wide and extensive use of ISC products by 

researchers worldwide. 

 

Signed, 10th June 2022 

Dr. Dmitry A. Storchak 

Director 
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2: STAFF and CONTRACTORS 

A total of 18 members of staff (16-17 at any one time) and two contractors worked at the ISC 

throughout the year, thanks to the regular Memberôs support and a number of additional 

grants given to the ISC by international organizations, public institutions and commercial 

companies to work on the ISC-GEM catalogue, CTBTO Link and Station Registry. Staff 

changes through the year are highlighted in red or light blue. 

Among the staff, there were 7 Ph.D., 4 M.Sc. or equivalent, and 4 B.Sc. or equivalent 

degrees. The ISC staff represents 9 different countries from 3 continents. Several members of 

staff took part in professional meetings, international conferences and professional training 

programmes, predominantly on-line. 

ISC staff often organise sessions at scientific conferences. Several ISC staff are members of 

professional organizations such as IASPEI, EGU, AGU and SSA. ISC staff members are 

engaged in IASPEIôs Executive Committee, commissions and working groups. 

MANAGEMENT  and ADMINISTRATION  

  

Dmitry Storchak , Ph.D. 

Director/Seismologist 

Russia/UK 

Lynn Elms 

Administration Officer 

UK 

 

SYSTEM ADMINISTRATION , SOFTWARE and WEB DEVELOPMENT  

 

  

   

James Harris 

Senior Systems & Database 

Administrator,  

UK 

Oliver Rea, B.Sc. 

Systems Administrator,  

UK 

Adrian Armstrong , 

B.Comp.Sc., 

Software Engineer, UK, 

joined in September 
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BULLETIN DATA COLLECTION  and ENTRY 

The Data Collection Officer communicates with agencies and manages routine automatic 

entry of reported data. The Historical and Bibliographical Data Entry Officer helps with 

entering paper-based data into the ISC database and maintaining the ISC Event Bibliography. 

 

 

 

 

 

 

 

BULLETIN ANALYSIS  TEAM  

Up to 7 analysts (two part-time) and one contractor reviewed the ISC Bulletin and performed 

limited waveform analysis. Each analyst has an additional task either in development or data 

collection. 

 

 

Gary Job, 

Data Collection Officer, UK 

Daniela Olaru, 

M.Sc.Admin., Historical and Biblio Data 

Entry Officer, Romania/UK, left in December 

 
  

Kathrin Lieser, Ph.D. 

Seismologist / Analyst 

Administrator / Editor of the 

Summary, Germany 

Elizabeth Ayres, B.Sc. 

Geog., Analyst/Historical 

Data Officer, UK   

Blessing Shumba, M.Sc. 

Seismologist / Senior 

Analyst, Zimbabwe/UK 

 
  

Burak Sakarya, M.Sc., 

Seismologist/Analyst,  

Turkey 

Rebecca Verney, B.Sc., 

Analyst/Historical Data 

Officer, 3 days a week, UK 

Rosemary Hulin , 

M.Phys. Geog., 3 days a 

week, UK 
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DEVELOPMENT PROJECTS  

  

Domenico Di Giacomo 

Ph.D. 

Senior Seismologist 

Italy/UK 

Thomas Garth, PhD 

Seismologist/ Senior 

Developer, UK 

  

Ryan Gallacher, PhD, 

Seismologist/Developer, 

UK, 

joined in January 

Natalia Poiata, PhD, 

Seismologist/Developer, 

Moldova/Romania, 

joined in April  

 

CONTRACTORS 

During the year, the following persons also contributed as contractors: 

¶ E.R. Engdahl, Ph.D., Boulder, USA: overseeing preparation of the ISC-EHB dataset; 

¶ Lonn Brown , M.Sc., University of Alberta, Edmonton, Canada: former ISC Analyst, 

taking part in analysis of the ISC Bulletin remotely

 

  

 

 

 

 Peter Franek, Ph.D., 

Seismologist/Analyst, 

Slovakia, left in May 
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3: DEVELOPMENT of GOVERNANCE DOCUMENTS 

The ISC is now governed by its Constitution and Bye-laws. The Constitution is a legal 

instrument that was adopted at the point of registration with the Charity Commission and 

endorsed by the Extraordinary Meeting of the ISC Governing Council on May 12, 2020. The 

Bye-laws, fully compliant with the Constitution, provide further details and clarification of 

exact rules and procedures applicable in the day-to-day operation of the ISC in pursuit of its 

mission. The Bye-laws were prepared during 2020-2021 and adopted by the on-line Biennial 

General Meeting (BSM) of the Governing Council on June 21, 2021. A combination of the 

Constitution and Bye-laws completely replace the old Working Statutes that were in use since 

the early 1970s. 

The Bye-laws specify the ISC mission and principle tasks, describe the ISC Data Reporters, 

Members, Sponsors, and the Host Institution. The Bye-laws specify the way the Governing 

Council and the Executive Committee (Board of Trustees) conduct their business meetings 

and elect new members. The Bye-laws also specify the Directorôs responsibilities and 

financial provisions of ISC operations. Some of these topics have become an accepted norm 

over the years but have never been spelled out in a single document. This document will also 

help new seismologists coming to work at the ISC and its governing bodies in the future. 

4: OPERATIONS 

STATION REGISTRY AS PART OF ADSL DATABASE 

The International Seismograph Station Registry (IR) allocates globally unique codes to 

seismic stations worldwide. During 2021, the IR has been particularly improved and extended 

in Europe, the Mediterranean, Caucasus, Central Asia, Central and South America and the 

Caribbean region (Fig. 1) as part of the regular ISC Bulletin work. 

The ISC runs a popular web page giving an account of already registered stations as well as 

inviting the submission of parameters required to register a new station. 

 

Figure 1.  29,410 stations, open or closed, were fully registered in the International 

Seismographic Station Registry at the end of 2021; parameters of 602 of those (in red) 

were either registered or modified during this year. 



ISC: Annual 2021 Directorôs Report 

9 

In fact, the IR has become part of the ADSL database (Agency.Deployment.Station.Location) 

which we designed and continue maintaining jointly with NEIC. The ISC maintains the 

agency.deployment ñISC.IRò as a subset of ADSL. In order to use all waveform data 

available on-line, NEIC routinely updates the ADSL database with stations under the 

deployment codes equal to corresponding FDSN two-character network codes, based on 

dataless mini-SEED files available at IRIS DMC. NEIC no longer needs the IR in day-to-day 

operations since they use waveforms of stations available on-line, usually with FDSN codes. 

Now and in the future, the globally unique ISC.IR station codes will remain an exclusive 

source of station position information for the historical period of time. Also, the ISC.IR will 

continue to cover a large number of stations whose waveform data are not available to the 

international waveform data centres. 

At present, for the majority of its standard operational activities, the ISC uses just the IR 

(almost equivalent to ISC.IR element of the ADSL database). In order to be able to deal with 

a multitude of additional stations becoming available largerly from NEIC, the ISC plans to 

switch to working with the entire ADSL. To make this happen, a very large effort is required 

to update, test and validate almost the entire operational and web distribution computer code 

at the ISC. This work was begun in 2019 but progressed slowly due to a major conflict with 

the Bulletin Rebuild project that required us to run two main ISC databases at the same time.  

During 2021, we : 

- changed the ISC Bulletin web-search to use the ISF2.1 format (which implements ADSL 

station coding) as the default; 

- studied the code of the ISC location program to see how to use it with the ADSL; it was 

found to be ADSL-compliant as far the hypocentre location process and calculation of 

uncertainties are concerned; potential difficulties related to ISC magnitude computation 

have been identified; we are therefore building plans to safeguard the ISC magnitude 

values from being skewed by data of the same station reported with different network 

codes or stations positioned very closely to each other; 

- planned measures to enable the use of ISC-EHB software with ADSL; in particular, we 

worked on the FFB-output format used in ISC-EHB production and distribution; 

- made extensive checks to bring FDSN station coordinates into ADSL; 

- started adjusting individual agency bulletin parsers to work with ADSL. 

Overall, the work on ADSL did not go as fast as we wanted due to a number of other urgent 

needs. We shall thus continue with this project throughout 2022. 

ISC BULLETIN  

Collecting Preliminary Network Bulletins 

The ISC continues to collect preliminary bulletin data from a large number of networks and 

data centres. These data are expected to have undergone at least a minimal review by local 

analysts. Typically, the incoming data include a preliminary hypocentre location, magnitude 

estimates, moment tensor solution and station arrival data, though there are large variations 

from agency to agency. 26 agencies reported preliminary data during year 2021 (Table 1).  
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Table 1. Agencies that reported preliminary hypocentre determinations and corresponding arrival 

time data to the ISC in 2021. 

Country Reporting Agency 

Armenia         National Survey of Seismic Protection  

Australia       Geoscience Australia  

Austria         Zentralanstalt fur Meteorologie und Geodynamik (ZAMG) 

Canada          Canadian Hazards Information Service, Natural Resources Canada 

Cyprus          Cyprus Geological Survey Department  

Czech Republic  Geophysical Institute, Academy of Sciences of the Czech Republic  

Denmark Geological Survey of Denmark and Greenland 

Finland Institute of Seismology, University of Helsinki 

France          Centre Sismologique Euro-Mediterranean (CSEM/EMSC) 

Germany         Helmholtz Centre Potsdam, GFZ Research Centre for Geosciences 

Germany         Landeserdbebendienst Baden-Wurttemberg  

Hungary         Geodetic and Geophysical Research Institute  

India           National Geophysical Research Institute  

Italy           Istituto Nazionale di Geofisica e Vulcanologia  

Japan           Japan Meteorological Agency 

Kyrgyzstan      Institute of Seismology, Academy of Sciences of Kyrgyz Republic  

Norway          University of Bergen  

Norway          Stiftelsen NORSAR  

Romania         National Institute for Earth Physics  

Russia          Geophysical Survey of Russian Academy of Sciences (GS RAS)  

Russia          Baykal Regional Seismological Centre, GS RAS 

Russia          Kamchatka Branch, GS RAS  

Slovenia        Slovenian Environment Agency  

Spain           Instituto Geografico Nacional  

UK British Geological Survey 

USA NEIC, USGS 

 

There are 21 agencies that produce bulletins soon after an event occurrence and never return 

to event re-analysis unless there is a special need (Table 2). These agencies can be considered 

as reporting both preliminary and final bulletins at the same time.  

Table 2. Agencies that reported final analysis results within a month of event occurrence 

Country Reporting Agency 

Australia Geoscience Australia 

Austria International Data Centre, CTBTO 

Chinese Taipei Institute of Earth Sciences, Academia Sinica 

France Institut de Physique du Globe de Paris 

France Laboratoire de Detection et de Geophysique/CEA 

French Polynesia Laboratoire de Geophysique/CEA 

Germany Alfred Wegener Institute for Polar and Marine Research 

Germany GFZ Potsdam 
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Greece National Observatory of Athens 

Greece University of Patras, Department of Geology 

Ireland Dublin Institute for Advanced Studies 

Namibia Geological Survey of Namibia 

New Zealand Institute of Geological and Nuclear Sciences 

Norway Stiftelsen NORSAR 

Poland Institute of Geophysics, Polish Academy of Sciences 

Portugal Instituto Geofisico do Infante Dom Luiz 

Portugal Sistema de Vigilância Sismológica dos Açores 

Romania National Institute for Earth Physics 

Spain Real Instituto y Observatorio de la Armada 

Switzerland Swiss Seismological Service 

USA Pacific Tsunami Warning Center 

 

Notably, the availability of data from the IDC/CTBTO bulletin (REB) stayed as agreed with 

CTBTO ï seven days after formal release of each REB data day. This is essential since the 

ISC is the only channel through which academic research scientists can get regular 

uninterrupted access to the REB event and station recording parameters (not original 

bulletins) except for the most recent 10-14 days. In line with CTBTOôs formal conditions of 

release, the ISC is not allowed to make the original REB bulletins openly available. 

Building the Preliminary ISC Bulletin  

Preliminary hypocentre solutions and station arrivals are grouped in the ISC database with 

corresponding solutions from other agencies and made available through the standard ISC 

Bulletin search procedure within a few hours of receipt. For each event an output includes 

several hypocentre solutions reported by various agencies, all reported source mechanisms 

and magnitude estimates as well as corresponding station arrival data. Event headers include 

logo images of each reporting agency and, by clicking on the logo, Preliminary ISC Bulletin 

users can get further information from each agency directly. 

Almost all events with magnitude 5 and above and many of smaller magnitude are reported 

within the first week. Further reports beyond one week add information to already reported 

large and moderate events and also inform about smaller events. 

This process is there to fill the gap between the event occurrence and the time when the final 

Reviewed ISC Bulletin becomes available. It presents an attempt to consolidate the effort of 

many data centres and networks to make their data available internationally in good time. At 

this stage the ISC does not compute or publish its own event solutions. This service is not 

intended for use by the media or civil protection agencies. It is designed to be used by 

seismologists to receive as much information as possible in one single format from one single 

source and then to get access to details using the links provided to the original data reporters. 

Approximately one year after each seismic event occurrence, the preliminary data from 

agencies are substituted with their final, revised versions; this is well before the ISC analysts 

make their final review of the ISC Bulletin. The ISC hypocentre solutions are still based only 

on the revised set of bulletin parametric data given by each reporting institution. 
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Collecting Revised Network Bulletins 

The standard ISC data collection pulls together revised bulletins from agencies (network data 

centres and single observatories) around the world up to 12 months behind real time. This 

delay gives the majority of data contributors enough time for reviewing and finalising their 

bulletin data before submission to the ISC. There is though still a considerable number of 

agencies that delay their reports to up to 24 months behind real time, giving the ISC little 

time to apprehend the data before the analysis begins. The global pandemic has obviously 

made the ISC data collection harder as many agencyôs staff, based at home, were unable to 

analyse and send their data to the ISC on time. 

Appendix 1 lists 150 agencies in 91 countries that contributed revised seismic bulletins to the 

ISC during the calendar year 2021. It is important to note that among them there is one 

regional data concentrator - the NEIC/USGS, which in fact represents a number of US-based 

networks. 

Notably, one of the data contributors is the ISC itself, with depth phase arrival time picks for 

earthquakes worldwide, arrival time picks from African stations for earthquakes in Africa as 

well as PPSM solutions and source mechanisms based on polarities of first motions. 

Figure 2 shows countries and agencies that contributed revised bulletins for various months 

and years, directly or indirectly (via other agencies), during 2021. Figure 3 shows those 

agencies that reported data for the data months that the ISC reviewed during 2021. This 

collection is generally more complete (see the improvement in Cameroon, South Africa, 

Thailand, etc) due to the efforts of the Data Collection Officer and the Director to obtain 

missing agency data before the analysis at the ISC began. 

 

Figure 2. Agencies (black dots) 

and corresponding countries (in 

colour) that reported revised 

bulletins during 2021; red/grey 

colours indicate direct/indirect 

contributions.  

 

Figure 3. Agencies and 

corresponding countries that 

reported revised bulletins for the 

data months reviewed by the ISC 

in 2021: Sep 2018 ï Jan 2020.  

During 2021, we experienced highly irregular data deliveries in several countries caused by 

the consequences of the global pandemic and a large backlog of data to be processed. 

Among the new data received during 2021, we should mention the seismic bulletins from:  

¶ Institute of Geology, Komi Science Centre, Ural Branch, Russian Academy of Sciences 
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The ISC Bulletin is progressively updated with each network report coming in. Preliminary 

network contributions are substituted with final reviews. New events are built, merged or 

split with every new report coming to the ISC by e-mail and processed either automatically or 

manually by the ISC Data Collection Officer. 

The Analyst Administrator and the Data Collection Officer regularly review the status of data 

collection and contact various agencies to avoid reporting gaps. The Director helps to address 

urgent and difficult cases. 

First Motion Based Focal Mechanisms (ISC-FM) Computed in House 

In 2021, we continued with the production of focal mechanisms, calculated in house at the 

ISC and based on first motion polarities. Focal mechanisms of recent earthquakes are 

calculated automatically, combining first motion polarities reported to the ISC with auto-

picked first motions from waveforms available at IRIS, EIDA, and other openly accessible 

waveform archives. We look at all earthquakes in the reviewed ISC bulletin with a magnitude 

mbISC Ó 4.5 and focus especially on earthquakes with no previously reported source 

mechanisms (Fig. 4). In this work we use the HASH algorithm to compute focal mechanisms 

(Hardebeck and Shearer, 2002) and FilterPicker source code to automatically determine the 

polarities of first motions (Lomax et al., 2012). The entire procedure is described in scientific 

papers published by Lentas (2018) and Lentas and Harris (2019).  

 

Figure 4. Map of 1,611 

earthquakes from July 2018 

to December 2019 for which 

the source mechanisms were 

computed by the ISC during 

2021 and made available 

through the on-line bulletin. 

In  House Waveform Picking of Depth Phases 

Since 1964, the ISCôs mission has been based on re-using the seismogram (waveform) arrival 

time measurements (picks) made by many tens of observatories and data centres. In recent 

years, the ISC used reported arrival times of ~10.5 thousand stations worldwide. The ISC 

does not have sufficient staff capacity to obtain those picks from waveforms, even if these 

waveforms were always available. We nevertheless feel that the value and quality of the ISC 

Bulletin would have been compromised if we didnôt act in two particular areas. 

Depth phases such as pP, sP, pPKP, sPKP etc. are crucial for constraining the hypocentre 

depth of many moderate earthquakes in the ISC Bulletin that occur too far away from 

monitoring stations. During the last 10-14 years though, we have observed a steady decline in 

the number of depth phases reported by agencies. 
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Since 2018, we set aside a small fraction of analyst resources to deal with the problem. 

Several ISC analysts have been picking the depth phases on waveforms available from IRIS 

DMC for earthquakes with mbNEIC Ó4.8, using the SEISAN software (Havskov et al., 1999, 

2010, 2020). The results of this activity were used in the routine production of the ISC 

Bulletin. 

Depth phases for 1,610 earthquakes were added to the ISC Bulletin during this year. Figure 5 

shows 1,064 events for which this information was crucial, i.e., the depth would have 

otherwise had to be fixed to the areaôs default. Figure 6 shows the worldwide distribution of 

163 stations used and their comparative input. As expected, stations in quiet regions of Asia, 

Australia, Antarctica and North America provided the largest input. 

We also continued picking waveforms from the Africa Array to compensate for the 

unfortunate lack of permanent observations over large parts of this continent. We include 

these picks in the routine production of the ISC Bulletin. 

Bulletin Review (finally re aching 24 months b.r.t.) 

When the time comes, one monthôs worth of data is pulled into a separate database and a set 

of automatic procedures are run to produce automatic ISC event locations and magnitude 

determinations for those events that are large enough to be reviewed by the ISC analysts. The 

threshold criteria are complex yet almost all events of magnitude 3.5 and larger are reviewed. 

The ISC seismologists/analysts currently review ~10% of all events formed in the ISC 

database by the automatic procedures. Although this review misses smaller events, it makes 

the most used part of the ISC Bulletin accurate and trustworthy. The accuracy of ak135-based 

(Kennett et al., 1995) ISC solutions and magnitude estimates, and proper grouping of 

reported information between the events in the Bulletin is under constant scrutiny. The ISC 

analysts also review the correctness of automatic association of reported station arrivals to 

events, reported arrivalôs phase identification and travel-time residuals. 

All analysis work is done using the Visual Bulletin Analysis System (VBAS) that throughout 

the year allowed the analysts to work both in the office and at their private homes. 

Throughout 2021, the Analyst Team varied between 6.2 at the start of the year and 5.2 

members in the second half of the year. The Team was also assisted by an outside contractor 

(former member of the Team) as well as some members of the Team working additional 

hours during weekends. 

  

Fig. 5. The map of 1,064 events where 

additional ISC pP/sP picks were critical to 

constrain the ISC event depths. 

Fig. 6. Waveforms of 163 stations were used 

by the ISC to deliver the missing pP/sP picks; 

relative contributions are shown by colour. 
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During 2021, the Team conducted the review of the standard current ISC Bulletin, 

successfully recovering the delay in analysis accumulated over recent years when the VBAS 

was built and the Rebuild project was accomplished (Fig.7). In addition, members of the 

Team were involved in other projects such as the ISC-EHB bulletin, Event Bibliography, 

ISC-GEM catalogue, depth phase picking from waveforms and production of the 

printed/electronic Summary of the ISC Bulletin. 

 

Figure 7. Further 

lag reduction in 

availability of the 

Reviewed ISC 

Bulletin during 

2021; the 24 

months behind 

real time (b.r.t.) 

target has finally 

been reached. 

As a result, during 2021, the Analysis Team fully reviewed 15 complete data months of the 

recent ISC Bulletin with 2 data months receiving partial review. The analysis covered data 

from September 2018 to January 2020. The analysts were working with approximately the 

same monthly number of events as during the previous five years (Fig. 8). Nevertheless, the 

number of associated phases reviewed by analysts remained on the increase as new stations 

and networks were installed. By design, VBAS helped to alleviate this problem. 

During the calendar year 2021 (2020), ~86,000 (~87,000) reviewed events with ~10.6 (~11.6) 

million associated phases were added to the reviewed part of the Bulletin by the ISC analysts. 

Overall, the Bulletin (both reviewed and un-reviewed) was enlarged with ~815,000 

(~949,000) events and ~25.4 (~29.9) million associated phases. During the calendar year 

2021, once the analysts reached the 24 months b.r.t. mark, the production of the Bulletin went 

steady, with one data month released in each calendar month. Hence, fewer events and 

associated phases have been reviewed during 2021 as compared to 2020. 

 

Figure 8. Monthly number of seismic events in the Reviewed ISC Bulletin analysed during 

2021; the solid colour represents those data months that were fully completed during the 

year; the dashed line shows the average monthly number during the preceding 5 years. 
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The result of the ISC work can be seen when comparing Figures 9 and 10. A fuzzy picture of 

the originally reported seismicity is sharpened in the Reviewed ISC Bulletin. 

 

Figure 9. All hypocentres 

reported by individual 

networks (September 2018 ï 

January 2020). 

 

Figure 10. Primary 

hypocentres in the ISC 

Bulletin (black) in the 

period (September 2018 ï 

January 2020); in red are 

the reviewed events. 

 

Figure 11 demonstrates the diversity of seismic phases included in the ISC Bulletin. 

 

Figure 11. The 

travel-time graph and 

associated table show 

the statistics of 

various seismic 

phases (Storchak et 

al., 2003, 2011; 

Schweitzer et al., 

2019) generated by 

large shallow events 

reviewed by the ISC 

analysts during 2021; 

depth <=35 km and 

magnitude above 5.5 

are shown. 


